Introduction
============

The biocompatibility of root canal sealers is an essential property for ensuring their good performance and successful endodontic treatment ([@B1]-[@B3]). In vivo and in vitro studies are important to determine the genotoxicity, cytotoxicity, irritant potential and the biological compatibility of these materials ([@B1]-[@B7]), mainly that recently introduced to the market.

The Resilon-Epiphany canal filling system is composed by Resilon, a synthetic polycaprolactone polymer, based on a polyester-based polymer that contains dimethacrylates, which can bond to methacrylate-based resin sealers, such as Epiphany, a resin-based dual-cure root canal sealer. This system also uses a self-etch primer that contains sulfonic acid terminated functional monomer, HEMA, water, and polymerization initiator. One of the main characteristics of this system is the formation of a resin monoblock that adheres to the den tin of the radicular canal through intratubular tags ([@B8]-[@B10]). Owing these features, some studies found greater sealing capacity of this system than other materials, being associated with lower index of apical periodontitis ([@B8],[@B11]).

This canal filling system is also followed by a resinous solvent (Epiphany Thinning Resin, Pentron Clinical Technologies, LLC, Wallingford, CT, USA), which is an aqueous solution composed by ethoxylated bisphenol-A-dimethacrylate (EBPADMA) resins with photo-initiators, amines, stabilizers and pigments ([@B12]). The manufacturer recommends the use of 1 to 2 drops of this solution in order to adjust the sealer viscosity, when necessary. Rached-Junior et al. ([@B13]) observed that the resinous solvent increases the bond strength of Epiphany sealer to dentin walls when photo activated.

According to the manufacturer, the Epiphany sealer is biocompatible and non-cytotoxic. In vivo studies confirmed the good biological properties of the sealer ([@B3],[@B14]), even when associated with the self-etch primer that accompanies it ([@B5]). However, in vitro tests revealed that the photo activated and fresh sealer presents moderate and severe cytotoxicity, respectively ([@B4],[@B15]). The self-etch primer also showed cytotoxicity ([@B4]). Moreover, Epiphany showed higher cytotoxicity than other conventional sealers ([@B16]) and its citotoxicity depends on the concentration and contact time with the culture cells ([@B17]).

Regarding to the solvent resinous that also accompanies the system, there is only one study that shows moderate cytotoxicity of the solution when in contact with HeLa cells ([@B4]). To the best of our knowledge, there are not previous in vivo studies that evaluated the biocompatibility of the resinous solvent. Thus, the aim of this study was to evaluate the biocompatibility of the Epiphany root canal sealer prepared with resinous solvent (Thinning resin) in rat subcutaneous connective tissues.

Material and Methods
====================

This study was previously evaluated and approved by the Animal Research Ethics Committee of the University of Ribeirao Preto, Sao Paulo, Brazil and the ethical concepts for use of laboratory animals were observed in all phases of the experiment. The material assessed was the Epiphany root canal sealer (Pentron®-Clinical Technologies, L.L.C. Wallingford CT., USA), which was associated or not with self-etch primer and prepared or not with the resinous solvent (Epiphany Thinning Resin). According to the preparation of the tested sealer, the following 4 experimental groups were established: GI: Epiphany prepared with 1 drop of resinous solvent; GII: Epiphany prepared with 1 drop of resinous solvent and photo activated; GIII: Epiphany associated with self-etch primer and prepared with 1 drop of resinous solvent; GIV: Epiphany associated with self-etch primer, prepared with 1 drop of resinous solvent and photo activated ([Table 1](#T1){ref-type="table"}). The lateral wall of the tubes was used as negative control. For each group, it was used 1.5 cm of the sealer obtained from the mixture of the 2 pastes for 1 drop of the resinous solvent, which was released from the flask positioned perpendicular to the glass plate surface.

Table 1Experimental groups and their respective contents.

For this study, 20 male adult rats (Rattus novergicus, Albinus Wistar), weighing between 200 g and 250 g were used. They were kept in an acclimatized room and received a balanced diet and water ad libitum. The animals were anesthetized by intramuscular injection of ketamine chlorhydrate (0.1 mg/ml) associated with xylazine (0.05 mg/ml), followed by shaving of dorsal fur, disinfection, incision and divulsion of the subcutaneous tissue to insert the test material. To implant the root canal sealer into the rat subcutaneous tissues, sterilized polyethylene tubes 1.2 mm in diameter (0.8 mm internal diameter) and 10 mm long were used. To prevent the sealer from escaping, one of the extremities of the tubes was close by heat. The Epiphany root canal sealer was manipulated in accordance with the manufacturer's recommendation for clinical use, in a dark room, because it is a dual-cure sealer. In Groups III and IV, a brush was used to coat the internal surface of the polyethylene tubes with the primer supplied with the sealer. The manipulated sealer was carefully put into polyethylene tubes with aid of a paper cone compatible with the diameter of tubes, ensuring that there were no empty spaces and that the sealer did not overflow. Next, the sealer in the tubes was light activated (groups II and IV) and immediately implanted in the subcutaneous tissue in the rat dorsa. The surgical wounds were correctly sutured.

Each animal received four tubes with material, two being in the scapular region and two in the pelvic region (one on the right side and other on the left), with each tube representing a distinct group. After 7, 14, 21 and 42 days, 5 rats were killed by anesthetic overdose and the tubes removed for histological analysis. Thus, there were 5 samples for each experimental group in all the analyzed periods. The specimens were fixed in 10% buffered formalin solution for 24 hours and processed for conventional histological examination.

The connective tissue adjacent to open extremity of each tube was examined in histological cuts (5 µm thick) stained by the hematoxylin and eosin technique, to evaluate the presence or absence of neutrophils, macrophages, lymphocytes, plasma cells, giant foreign body cells, dispersed material and necrotic tissue, classifying each criteria according to quantity in negative (-), slight (+), moderate (++) and intense (+++). Depending on these features, except the presence of dispersed material, the inflammatory reaction of the connective tissue was classified as none to slight (grade I), moderate (grade II), and severe (grade III), according to Campos-Pinto et al. ([@B5]).

Results
=======

In the lateral wall of the tubes (negative control), in all experimental periods, a thin layer of connective tissue without inflammation was observed. The data obtained in the experimental groups are summarized in ([Table 2](#T2){ref-type="table"}).

Table 2Summary of the histological features in rat subcutaneous tissue after implantation of the Epiphany root canal sealer.

Seven-day results

In all groups, a moderate to severe chronic inflammatory reaction was observed, predominantly formed by lymphocytes and macrophages (Fig. [1](#F1){ref-type="fig"}). There was a large quantity of residual sealer, and small and scarce foci of necrosis. However, in 1 specimen of Group III, an extensive area of necrosis was found. Foreign body giant cells were frequently observed, except in Group II.

Figure 1Group III (Epiphany associated with self-etch primer and prepared with 1 drop of resinous solvent), 7 days -- Severe chronic inflammatory reaction, residual sealer (white arrow) and foreign body giant cells (yellow arrow) (hematoxylin-eosin, original magnification, x100).

14-day results

A moderate to severe chronic inflammation, formed mainly by lymphocytes and macrophages was observed in all experimental groups, in addition to residual sealer and small foci of necrosis. The residual sealer was observed beyond the connective tissue adjacent to open extremity of the tube, consequently causing more extensive inflammation (Fig. [2](#F2){ref-type="fig"}). Foreign body giant cells were frequently noted.

Figure 2Group IV (Epiphany associated with self-etch primer, prepared with 1 drop of resinous solvent and photoactivated), 14 days -- Large quantity of residual sealer beyond the connective tissue adjacent to open extremity of the tube, foci of necrosis (arrows) and severe inflammation (hematoxylin-eosin, original magnification, x100).

21-day results

After 21 days, all groups presented a moderate to severe chronic inflammation, predominantly formed by lymphocytes and macrophages. Residual sealer, areas of necrosis and foreign body giant cells were also noted (Fig. [3](#F3){ref-type="fig"}). Moreover, in Group III, there was residual sealer beyond the connective tissue adjacent to open extremity of the tube, and in this area, more extensive inflammation was found.

Figure 3Group I (Epiphany prepared with 1 drop of resinous solvent), 21 days -- Large quantity of residual sealer (yellow arrow), with foreign body giant cells (black arrow) (hematoxylin-eosin, original magnification, x100).

42-day results

At 42 days, moderate chronic inflammation was observed in all groups, predominantly composed of lymphocytes and macrophages. However, in 1 specimen of Groups I and III, there is a mild inflammatory reaction and in 1 sample of Group IV, a severe inflammation was noted. In all specimens, the connective tissue also presented foci of necrosis, residual sealer and a foreign body granulomatous inflammatory reaction. As had occurred in other groups from previous experimental periods, in Group III there was residual sealer beyond the connective tissue adjacent to open extremity of the tube.

Discussion
==========

As the manufacturer postulate, some authors also demonstrated that the Epiphany sealer presents low irritability to subcutaneous and bone tissues of animals ([@B3],[@B5],[@B14],[@B18]). However, in vitro studies revealed moderate cytotoxicity of this sealer ([@B4],[@B15],[@B17]). Moreover, when the cells were exposed to the fresh Epiphany sealer, a greater cytotoxicity was observed ([@B15]). With regard to resinous solvent, Merdad et al. ([@B4]) found moderate cytotoxicity of this solution when in contact with HeLa cells.

In the present study, after 7, 14 and 21 days, all groups presented connective tissue with moderate to severe chronic inflammatory reaction, necrosis, foreign body giant cells and abundant residual sealer. At 42 days, although there was a slight decrease in the intensity of inflammation (moderate), necrosis, foreign body giant cells and residual sealer still were observed. As the resinous solvent contains similar components to those of the Epiphany sealer, such as ethoxylated bisphenol-A-dimethacrylate (EBPADMA) resins with photo-initiators, amines and stabilizers ([@B12]) the sealer prepared with the resinous solvent could eventually increase the concentration of these components and consequently cause irritation and aggression to the tissues. Although Merdad et al. ([@B4]) observed a moderate cytotoxicity of the self-etch primer that accompanies the Epiphany system, this substance presented low irritability to subcutaneous tissues of rats when it was used associated with the Epiphany sealer without the resinous solvent ([@B5]). Therefore, the tissue irritation observed in the current study is apparently related to the use of the resinous solvent.

Another hypothesis, perhaps the most probable, is based on the fact that the addition of the resinous solvent increased the sealer flow, providing a greater surface of contact with the connective tissue and consequently causing more extensive inflammatory reaction. Rached-Junior et al. ([@B13]) observed that the addition of the resinous solvent provided alterations in the Epiphany sealer structure, resulting in monomers of smaller size, which probably increases the sealer flow. In addition, in the present study, residual sealer was observed beyond the connective tissue adjacent to open extremity of the tube in several specimens, suggesting higher flow of the sealer when prepared with the resinous solvent.

A foreign body granulomatous inflammatory reaction associated with abundant residual sealer was frequently observed after all the periods of time analyzed. Considering clinical practice, this is an important finding because, if there were overfilling of Epiphany sealer prepared with the resinous solvent during endodontic therapy, this combination could eventually lead to foreign body granulomatous inflammation in the periapical tissues and favor the persistence of periapical periodontitis ([@B19]). However, multi nucleated giant cells was rarely seen when the Epiphany SE sealer (a nonetching version of Epiphany) was used ([@B7]).

Although the addition of the resinous solvent to the Epiphany sealer was irritating to subcutaneous tissues in animals, further in vivo and in vitro studies are necessary in order to obtain more information about this canal filling system and to compare the results found in different studies.
